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FOREWORD 

This research was conducted for the Directorate of Military Construction, Office 
ofthe Chief of Engineers, under Project 4AI62I2IA896, "Environmental Quality for 
Army Construction," Task 06, "Noise Pollution Control," Work Unit 001. "Predic- 
tion and Reduction of the Noise Impact Within and Adjacent to Army Facilities." 
Frank Beck was OCE Technical Monitor. 

Dr. L. R. Shaffer is Director of CERL. 
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BLAST NOISE DATA 

1 BACKGROUND 

Noise as it impacts on man is increasingly recog- 
nized as a major source of annoyance. Currently, 
work is underway internationally to assess the effects 
of noise on man and to discover the means to elimi- 
nate and attenuate noise. For many years, desirable 
levels of noise in offices and commercial establish- 
ments have been known, and recently standards 
have been established to protect workers in indus- 
trial areas. Current studies of the effects of noise 
clearly show that people repeatedly exposed to high 
noise levels exhibit increased irritability and dis- 
comfort, severe nervous tension, loss of ability to 
concentrate, impaired aptitude to perform even 
simple tasks, and loss of sleep.1 

Once built, military facilities flourish and attract 
people who build homes nearby and later complain 
about the noise. Experience shows that complaints 
and legal damage suits relating to noise do exist and 
that at some bases this results in the reduction of 
training programs because of the noise they produce. 

Prediction methodology, when coupled with land- 
use maps, identifies present and future areas of in- 
compatible land-use pertaining to noise sensitivity. 
Given the operations, types of weapons and their 
charges and locations, and frequency and time of 
operations, this methodology predicts population re- 
actions in the environs of a base. The percentage of 
l/'ople annoyed, the percentage willing to take group 
or legal action, and the percentage reduction in 
property values all as a function of the affluence of 
the neighborhood can also be predicted. Changes in 
operations and different weapons and locations are 
reflected in altered impact predictions for the base 
environs. The prediction methodology has been 
computerized to facilitate generation of noise predic- 
tions. 

The result of prediction methodology is equal 
noisiness contours. These contours can be drawn to a 

distance scale compatible with a map of the base and 
its luroundings and can be used as an overlay to 
graphically show the noise impact of base 
operations. 

Figure I depicts the boundary of a military base. 
Also superimposed on this figure are generalized 
land-use areas (describing zones as related to 
activities pe-formed with regard to noise sensitivity) 
and. as listed in Table I. NriF equal annoyance 
contours. This overlay process identifies areas of 
incompatible land use. Figure 2 gnphicaily displays 
for this example the areas of land which are thus 
incompatible 

Tibici 

Nohc Kipnurv Kortrul Ralin|t far VariaM 
Laad-IJif Dnrrlptan 

D 
NEF 

BeUrn .«) 

UJ -M 

AH™«.    m 

Land-UwDnrripton 

(lass A Zonr 

Class B ZoM 

Class C Zone 

'1. J. Shull/. /Von. Assessmeil Ouidrlim-s Tnhniial Back- 
uniuiid. Kepon Nu. TF./NA 172 (Uepartment ol Housing and 
Hrhan Uevelopmenl. 1972). pp 81-87. 

2 PURPOSE 

This report presents the means for base facility 
engineering personnel to gather necessary opera- 
tional information in a suitable forma* so that it can 
be readily keypunched and a computer prediction 
made of the noise impact resulting from blast opera- 
tions. In addition, the typical and generally accepted 
means for evaluation of noise impact contours, 
including the explanation of a generalized land-use 
map. are described. 

3 SCOPE 

This preliminary report presents information 
necessary for gathering operational data for the pre- 
diction of noise impact of artillery, demolition, and 
other blast operations and for •.-valuating the result- 
ing noise impact contours thus produced. Contours 
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»ill hi' kicncKilol mili.ilK ill the I'.S. Army C'on- 

Niimiiiin rn^inccrini: Kisi.irch l.;il>oraliirv. A I IN: 

\ii>iistit.A Sivlion.   U«)\ -KNIS.  ( h;it)i|);ii);n.  Illinois 

4 APPROACH 

D.ii,i is naihcmi In using csnimn souncs ol 
intiiiMi.iiion such as h.isc inmnundi-r. base tacililics 

(.nemai. ilinvlttr ol post Iraming, a map ot the 

base, a baw publua'ion ("List ol Mclric (irid 

( tHinlinalcs ol (onirol I'oinis. Kefemice Points. 

Slahnii Markers. Kirinn Points. Dugmilii and 

I argils") or a tc«.hnK'al manual ("Artillery 

Amimmilion" IMlM.«H»2(U. Katifjc Salcty Cards 

.•ml Kiti^c Control i.ofjs). 

Ka» data that has been gathered Irom tin ahuvc 

souras must he convcrtal mtt) a lorm suitable '.-.r 

submission In a computer. The process ol 

completing data sheets is described winch puts the 

rau data into an easily keypunched lorm. Once the 

data sheets have been interpreted by computer, 

equal annoyance contours, the end result of 

computer calculations, have to be evaluated lor the 

base. Ivpical ami generally accepted means of 

evaluation are thus presented. 

5 DISCUSSION 

lo predict annoyance levels, a series ol calcula- 

tions must be made by computer. Appendix A 

presents guidelines lor completion ol two types ol 

data sheets. One ot these is the large! Data Sheet 

which will be examined first because it is the easier 

to complete. 

I he larget Data Sheet requires inlormation con- 

cerning the location ol targets on the military base. 

When the total number ol targets is less than 2S. the 
identilkation number tor each target is entered on 

the large! Data Slice!. However, when !he number 

ol targets exceeds 25. thev are grou|>eil into target 

areas and assigned a unique number, i his grouping 

nl targets greally reduces the work necessary to fill 

out a larget Data Sheet, wilhou! any loss ot 

accuracv when in!erpre!ed. 

cull lo complete, provides more inlormadon about 

Tiring point locations and their associated targets, 

weapon tv|X's. number ol rounds, and type ol 

ammunition. Inlormation on coordinates, weapon 

tvpes. charge range, and target idenlir-cation is most 

easib obtained Irom the Range Salety C ard. Other 

sources ol inlormation include a map ol the base and 

the I able ol Metric Cirid ( oordinates. When com 

pleiing the number ol rounds tor day and night, 

however, ibe Range Control Log is the source ol 

inlormation easiest to use. Charge range, projectile 

Hag. and height above or depth below ground all 

require consultation ol the weapon type in order to 

proceed. 

The attachment sheet, in Appendix A. supplies 

inlormation about artillery, ammunition, operation 

and imersion conditions, the base, and the person 

filling out the data sheets. Along with the requested 

inlormation. the base is to torward two maps to ihe 

US Army Consiruclion Hngineering Research 

Laboratory. ATTN: Aeousncs Section, Box 401)5. 

Champaign. Illinois bIH20. I he first ol the two maps 

to be lorwaiv..d is a Reservation Base and Plan Map. 

This map shows the entire military iacility with some 

surrounding areas. Ihe second map to be sent will 

show areas adjacent to the military Iacility within a 

10 to 15 mile radius. It will be determined at the time 

ol contour plotting it noise conditions warrant the 

generation ol a set of contours to the scale of the 

adja'-ent area (10-15 mile radius) map. All maps will 

be returned unharmed with the conlour overlays. 

The computer contouring program accepts 

coordinates lor firing and target points in meters 

I preferred) or feet. Degrees, minutes, and seconds 

could possibly be used on special request. Standard 

metric coordinates are the best choice. The contours, 

once generated, can be plotted in either meters or 

leet and drawn lo the se. I • of the community map. 

Special items such as "bii.-A-ups" ol a portion ol the 

contours are also possible such as in cantonment 

areas. 

Based on firing and target point coordinates, 

which may be positive and negative, the computer 

cluxises zero coordinate lo be the center ol the source 

and prints the coordinates of this source and locates 

it on the resulting contours. 

I he firing Point Data Sheet, though more dilli- Annex   Al   stmmari/es   instructions   lor  com- 
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pleting both the Target t 'id Firing Point Data Sheets 
which ate explained in letail in Appendix A. The 
annex provides concise directions without lengthy 
explanations or examples. Numerous references, 
however, are made to the examples in Appendix A. 
Annex A2 oHers several examples which show how to 
complete both the Target Data Sheet and the Firing 
Point Data Sheet. 

Appendix B includes a detailed description on 

interpretation of contours and a section dealing ••■'•h 
noise mitigation techniques. 

Appendix C presents guideli 'es for the submis- 
sion of data. 

Telephone and letter questio \ are expected 
during the implementation of this preliminary data 
gathering and analysis operation and should be 
addressed to CERL. 
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COMPLETING DATA SHEETS 

1 TARGET DATA SHEET 

Column 1, End ol Target Data Flag. I his column 
will be cliscusscd at the end of this section alter all 
items have been completed on the Target Data 
Sheet. 

Columns 2-5, Target Identification. When the 
total number of targets is less than 25. the identilica- 
tion number for each target is entered onto the 
Target Data Sheet. However, when the number of 
targets exceeds 25. they are grouped into target areas 
and each target area is aligned ■ unique number, 
h'igurc Al compares a base with a mall number of 
targets and Figure A2 compares a base with a large 
number of targets. 

Less Thun 25 Targvis. With this small number, 
the target identification number is copied directK 
from a map of the area or from the Table of Metric- 
Grid Coordinates from the zone considered and 
entered into Columns 2-5. Figure A3 illustrates a 
map with eight targets and one firing point. Figure 
A4 shows what the Target Data Sheet should KM* 

like when all the target identification numbers are 
copied from Figure A3 onto the T rget Data Sheet. 

Murv Than 25 Targets. With a large number of 
targets, circles are drawn to group the target points 
into clusters. This procedure involves drawing a V,, 
I. or IV] kilometer-radius circle around most ol the 
points in a target area that are clustered together. 
Naturally, a IV, kilometer circle makes identification 
easiest, but there is one pitfall. 

If a major population centei (city, town, or 
village) or hase housing (Bachelor Fnlisted Quarters. 
Bachelor Officers Quarters or Family Housing) is 
near, the radius ol a circle must not exceed V, of the 
distance between the population area and the center 
ol the circle. More circles of a smaller radius are to 
be drawn instead ol just one. I1', kilometer circle. A 
number less than UK) is arbitrarily assigned to each 
group. This identification number must be unique 
since it will IK- used later to idcntilv a particular 
group. 

Figure A5 illustrates the groupini; ol target points 
when they are close in a housing section. Note that 
two circles, each ol I kilometer radius, arc drawn. In 
Figure Ah the lower grouping ol targets is near the 
housing area so several circles are drawn. I he upper 
circle hi Figure Ah was totally removed Irom any 
population center and was drawn to the largest size 
possible. 

In Figure A7 the identification column lor the 
Target Data Sheet has been completed for Figures 
A5 and Ah. (Jreal care must be exercised to make 
certain that only one target corresponds to a given 
target identification number. 

Columns 7-12, X Coordinate. 

Columns 13-18, Y Coordinate. 

Targets Nttt Gmuped. This information is 
ohtained either from a map or from the Table of 
Metric Grid Coordinates. Fntei the X coordinate in 
columns 7-12 and the Y coordinate in columns 
13-IH. 

I. The map is easiest to use if one is familiar with 
the area. Coordinates are given to the nearest 100 
meters. 

Example: Consult Figure A8 to read the X and Y 
coordinates of target point 747. It can be seen that 
the X coordinate ol" 747 is between 25 and 26. 
Twenty-live and 26 are the large numbers running 
Irom left to right found at the bottom and in the 
body of the map. Notice from the circled X and Y 
coordinates at the lower left-hand corner of the 
example that the large numbers are in units of 1000 
meters. 

From estimation or by using a plastic grid overlay 
calibrated to the map scale, read a digit for the 100's 
place as in Figure A9. This digit is 5 since point 747 
is V10 of the way aCRW the grid. In this case the X 
coordinate entered in the Target Data Sheet is 
25500. 

Ute Y coordinate is read similarly. Notice that 
the point 747 is between the V coordinates of 35 and 
3h. By estimation or measurement the next digit is 9 
since the point 's %0of ihe »ay up the grid as shown 
in Figure A10. The Y coordinate entered in the 
Target Data Sheet is 3SW0. I he Target Data Sheet 
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Figur« AS. Grouping targets on a map. 
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filled out as read from the map is indicated in 
Figure All. 

2. The Table of Metric Grid Coordinates is used 
if one is unfamiliar with the location of the target. 
Values in this list are stated to the nearest meter and 
no rounding is required. When reading from the 
Table of Metric Grid Coordinates shown in Table 
AI. the first 5 digits correspond to the Y coordinate. 
The Target Data Sheet is completed in Figure Al2 
Irom the Table of Metric Grid Coordinates. 

TabkAl 

TaMr of Mdric Grid CMrdtaaln 

TRlno     GrMicfmncr       All     LacaÜM     DnrripUon 
iMUttl 

-I- 2$7ia .15*44 44S W)A Y-llim car btxlv 
4'. 2SW JMTfe 44« pr.x Orange car hotly 
-T JStW v^1*';. 4.W 

411 
POA 
POA 

Orange car b<Kl> 
4^ Jr'J 1S ISMt While car bixU 
4" I.SOhh WJh 44,1 POA Ycllo« car b<i«lv 

Targets Gmupcd. After the targets have been 
grouped and circles drawn, the coordinates are read 
directly from the map. The location of the target 
area is the center of the circle. A review of map 
reading was discussed in the example under sub- 
section one and illustrated in Figures A8, A4, and 
A10. Figure A1J is an example of how to read 
coordinates from a map with I kilometer circles. The 
X and Y coordinates are completed in the Target 
Dula Sheet in Figure A14. 

Column 1, End of Target Data Flag. After filling 
out the Target Data Sheets for all the targets, place 
an asterisk in Column 1 of the last entry on the 
Target Data Sheet. This tells the computer that 
there are no more Target Data entries to follow. 
Figure AIS shows a Target Data Sheet with an 
asterisk after the final entry. 

2 FIRING POINT DATA SHEET 

When completing this form, one sheet is used for 
each Firing Point. The Firing Point Data Sheet is to 
be completed in pencil because some decisions have 
to be made which necessitate erasing. Work can be 
made easier it the Range Safety Cards are arranged 
in chronological and numerical order. Figure A16 is 
an illustration of a Firing Point Data Sheet with the 
columns laMlcd. 

Column 1, End of Source Data Flag. This col- 
umn will be discussed at the end of this section after 
all items have been completed on the Firing Point 
Data Sheet. 

The Box Above: 

Columns 2-5, Firing Point Idantification. Tobe- 
gin. the identification number of tiring points is read 
directly from the Range Safety Card or from the 
Range Control Log. Unlike target points, firing 
points are not grouped into circles. However, if a 
firing point has a direction letter following the 
identification number, this letter is entered into the 
box above Column b. 

Demolition sites arc not usually numbered on the 
map. so one must create an unused number and 
assign it to demolition sites in order to avoid con- 
fusion. As an example. Figure A17 shows several 
demolition sites. These have been arbitrarily labelled 
with unused numbers. 

The Box Above: 

Columns 7-12, X Coordinate. 

Columns 13-18, Y Coordinate. Information for 
these columns is obtained from the Range Safety 
Card. Map. or from the Table of Metric Grid 
Coordinates. 

Range Safety Card. Of the three references cited 
above, th s card is the easiest to read and therefore 
should be used if possible. Referring to Figure A18, 
the first 4-digit number after "'firing point" (5064 in 
this case) is used as the X-coordinate. Add a zero to 
the end so the number becomes 50640. Enter this 
5-digit number in Columns 7-12. In like fashion for 
the V-coordinate, the second 4-digit number after 
■firing point" (3771 in this case) becomes 37710 

after adding a zero and is written in the Firing Point 
Target Sheet. Figure A19 shows ho* thc<" two 
coordinate fields should look when C'impletcd. 

Map. Coordinates may be read from the map if 
desired or if the Range Safety Card is incomplete. 
An example of how to read a location from a map 
was given in the previous section and in Figures A«. 
A*), and A10. For Firing Point 115. considered here 
in Figure A20, the X and Y coordinates are read 
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Figurr AI3. Map illustratinp tarK'<l KmupinK. 
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Figure A20. Coordinates read from a map. 

from the map and entered in the appropriate 
columns. Figure A21 shows how this is accomplished 
when reading coordinates from a map. 

Tablf nf Metric Grid CoordinaWi. If desired, 
coordinates may he found in this table but they have 
to be rounded to the nearest meter in order to be 
consistent with the data sheet. From Table A2 the 
X-coordinate for Firing Point 115 is 550646.8. 
Round this number to 550649 and enter the last 5 
digits (50649) into the Firing Point Data Sheet The 
completed Firing Point Data Sheet entry is shown in 
Figure A22 for both the X and Y coordinates. 

TsU(A2 

I «W* of Metric Grid ( uordina rt 

A/imulhimiU) 
Sfallon (oordin.l« Alliludrimrlrni 

KP 112 (S.Sl<«.7.h-8.V»-'2..1l ri, 

'VIM (.\S(l*|(|,l.K.r(K*..M »72 

KFIIS iMlMb.ll-MT? |7.2l M 

misN (550622.2-8.17781.1) W.h 
FPIISS (55(M«..8-H,V7(vr..1) K.4 

In some cases it is necessary to use all six digits 
because the base is on a division of major zones. 
That is, if the X coordinate of one firing point is 
590747. and another firing point is 600747, then all 
six digits are used. 

Columns 19-20, Weapon Typo. Once tie weapon 
type is known, a ctxie is entered in these columns. To 
find the weapon type, the Kangc Safety Card is used. 
As can be seen from Figure A2.1. the weapon type for 
Firing Point 115 is an 8 inch H. The weapon should 
be double-checked with the Range Control Log to 
minimize any error since one firing point can have 
two types of weapons on any one day. 

After the weapon is known, consult Table A„ 
below and enter the I or 2-digit code in Columns 
19-20. Note: II the weapon is not listed in Table AJ. 
assign the next code number (5, 6, 7, 8, or 9) to the 
weapon and include this information on the attach- 
ment sheet explained at the end of this chapter (see 
Figure A5J). Figure A24 shows how to enter the 
codes into the Firing Point Data Sheet. 
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TaMcAJ 

W Cdt 

KlSmii H 
ISSMMH 

8in. H 

Id 
II 

SnulK karfc INI I0.2S-WIN.I 
l.arj.iUijrj.c1NI (IIOSUHhs I 

Charge Range: 

Columns 29-30, Minimum Charge. 

Columns 31-32, Maximum Charge. Consult Col- 
umns 19-20 on the Kirinn Point Data Sheet: 

a. II the weapon type axle in Columns 19-20 »as 
19 tollo» either part 1 or 2 below. 

b. If the weapon type in Columns 19-20 was 10, 
tollnw part 3 below. 

c. 11 the weapon type in Columns 19-20 was II. 
tollow part 4 below. 

/. NOH-TSI Wva/ums iCoätt 1-4) Range Sat'ety 
Card. Reler to the Range Safety Card and enter the 
I digit number alter "Minimum Charge" in 
( olumns 29-30 and the number alter "Maximum 
Charge" in (olumns 31-32. 

In Figure A25 the Minimum Charge is I. which is 
entered in Columns 29-.30 in the Firing Point Oi»(a 
Sheet. From Figure A25 the Maximum Charge is 5. 
which goes ,i Columns 31-32. The completed Firing 
Point Data Sheet lor this example is dispiayed in 
Figure A2h. 

2. Nnn-1 NT Weapons [Cade 1-4) Charge 
Known. It the Range Salety Card is incomplete or il 
tl.e typ -al charge is known, put zeros in Columns 
2^-30 and enter the charge in Columns 31-32. Figure 
A27 shows the Firing Point Data Sheet when the 
typical charge is known to be 5. 

Jt Small Charge TNT (Code 10). For a small 
charge of TNT (0.25-90 lbs), put zeros in Columns 
29 30 and consult Table A4 below to fill in Columns 
31-32. Figure A28 shows the completed Firing Point 
Data Sheet for a 10 lb charge. 

MM» A4 

Ma i imum Charge Codn for ■ Small Charfc «T TNT 

WrithiofTINTlhi           MaitaM • CliaiiaCaa« 

0.25 1 
140 
500 

10.00 
15.00 
25.00 
VS 00 
50.00 
nun 
«Mn III 

4. Large Charge TNT (Code ID. For a large 
charge of TNT (110-500 lbs) place zeros in Columns 
29-30 and consult Table AS below to fill in Columns 
31-32 as shown in Figure A29 lor a 200 lb charge. 

TaMeA5 

Matlmum ( hargr Codn for a LarRC Chargr of TNT 

WrighlofTNTIbt Manimum (1 

110 1 

140 
170 
?(IO 

M0 
200 
uo 
MM) 
44(i 
500 10 

Note: The rcmuininit columns on ihr hiring Poinl Data Shcrl 
muM hf completed in pencil since some adjustmenls may 
have lo be made after beginning. 

Col'imns 21-24, Number of Rounds Per Day. 

Columns 25-28, Number of Rounds Per Night. 
By definition, day occurs between 0700 and 2200 
hours while night is between 2200 and 0700 hours. 
The Range Control Log along with the Range Safety 
Card are the main sources of information for this 
subsection. 

From 'he Range Control Log in Figure A30 under 
"Actual Time (In/Out)" it can be seen that this 
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Figure A26. Firing Point Data Sheet containing charge range for non TNT weapons. 
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Figure A28. Firing Point Data Sheet containing charge range for a small charge of TNT. 
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NOTK: The renulnipfc columns on lh? Firing Point Data SutM must be completed in pencil since 
some adjustments may have to be made ifter beginning. 

4.1 



h h > \ <   1 i 1* 1 *      ' 
1          1 "> 

to 1 
1 **4 1 * 

o 1 

1 S<IT ■A i 1 N 1 
11 
1 k 1» 1 If r 1 1 1*" < 1 
1 h Ixl 

1 
1                     11 jt-l 

i \*\ Ml 
1 c n ■ 1 k I1* 1 i 

1 r M |K 1 
1             |   lu 
1       2 1  l- H8 

1  -< 
1 < Js 3   p 1o 

1 -J   1 1 o 
-     i 

1 u    1 
IK \i 2      IS 
2    £ 

1   i 
z 1 
s    c 

« " 1 'i 
la 5-1 

Q- lUs! 1         1° F J 
1   c ̂ 

a :   1 
■   ■- 3 ^ 

*■ 
V            1 

- »     1 
c > 
Q 

<- 3 : *     1 

a 1   N 1    ü 
1            1° 

Isl 5. 
Du. 1 * 1     J3= 

-1'' 1       1* 
i M   i 
o        > 

S    |   5 :   1 W> 

i*DL 
I   |>^ 

1 ^ 
ivr" 
""     1    3 >    1 rsl 

f          1   u ''   \> 
UJ      1     - i  j r^ 
«"•is 

'     .^ h 

I 
s 
c i 
t 
c 

J 
8 
< 

44 

MMB 



column gives the time duration during which Are 
occurred. Find the correct row under "Firing Point 
Grid" in the Range Control Log for the firing point 
under consideration and use these directions: 

a. If fire occurred entirely during the day 
(0700-2200 hours) proceed to I below. 

b. If fire occurred entirely during the night 
(2200-0700 hours) choose option 2 below. 

c. If fire overlapped between day and night or 
night and day. proceed to 3 below. 

/. Fire Occurring Entirely During Day. If no over- 
lapping occurred between day and night, simply 
enter the number of rounds fired from the Range 
Control Log in Columns 21-24. Place zeros in 
Columns 25-28 since no fire occurred during the 
night. An example of a typical Range Control Log is 
shown in Figure A31 indicating the firing point, 
actual time llnng occurred, and rounds fired. Figure 
A32 shows the completed Firing Point Data Sheet. 

2. Fire Occurring Entirely During Night. If no 
overlapping occurred between night and day, enter 
the number of rounds fired from the Range Control 
Log in Columns 25-28. Place zeros in Columns 21-24 
since no fire occurred during the day. Figure A33 
shows a Range Control Lug for fire entirely during 
the night. Figure A34is an example of thecompl.ted 
Firing Point Data Sheet. 

.?. Fire Overlapping Between Day and Night. 
Compulation is required if firing is continuous 
between day and night. This allows one to split the 
total rounds tired proportionately between the hours 
of tiring that occurred during the day and night. 
When the total number of rounds is divided, the 
number of rounds per day is entered in Columns 
21-24 and the number per night in Columns 25-28 of 
the Firing Point Data Sheet. Note that the numbers 
in Columns 21-24 and those in Columns 25-28 
should add to equal the total rounds fired as 
originally read from the Range Control Log. 

From the Range Control Log in Figure A35 it is 
seen that the "Actual Time" is split between day and 
night. When this occurs, the following steps are 
adhered to: 

1. Find the number of hours during the day 
(0700-2200 hours) that firing occurs. >{ound this 
number to the nearest V, hour if necessary. 

Example: 

Actual Time 
In    /    Out 

050Ö   Tioo 

1100 hours - 0700 (start of day) 
4 hours of firing during the 

day 

2. Find the number of hours in the night 
(2200-0700) that firing occurs. Round this number 
to the nearest % hour if necessary. 

Example: 

Actual Time   0700 (start of day) - 0500 hours - 
In    /    Out 2 hours offiring during the 
050Ö   Tioo n'8ht 

3. Total the number of hours in which firing 
occurred during the day and night from above. 

Example: 

4 hours (day) + 2 hours (night) ■ b hours (total) 

4. Make fractions for day and night hours. To do 
this for the day. make a fraction ol the number of 
hours in the day that firing occun over the total 
hours (i.e.) Part 1 Part 3 from above. Similarly, for 
the night hours, make a fraction of the number of 
hours in the night that firing occurs over the total 
hours, i.e. Part 2/Part 3 from above. 

Example: 

4 hours (day)     2,.    , 
11 /. . n = i day fraction) b hours (total)     3 

2 hours (night)    1 . . .... 
i. u       r. T i> = T (night traction) h hours (total)     3     R 

5. Multiply the day fraction times the total 
number of rounds fired from the Range Control Log. 
round to a whole number and enter in Columns 
21-24 of the Firing Point Data Sheet. Multiply the 
night fraction times the number of rounds fired, 
round to a whole number and enter in Columns 
25-28 as shown in Figure A3(». 
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Ffcan A». Firing Point DaU Sheet for fire occurring entirely during the d«y. 
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Kxanipli': 

2 
(day rraclinn) * K5 rounds = Sh.ttb = 57 rounds 

per day 

.1 
(nighl Iraclion) *H5 rounds = 28.11 = 28 

rounds 
per night 

To check the arithmetic. 57 rounds per day + 28 
rounds per night = 85 total rounds. 

Columns 33-35, Target Identification. Three 
cases will he examined to complete the Target 
Identification Columns. Case a. is the simplest oi the 
three and is used uhen the targets are not grouped. 
II the targets are grouped, cases b. and c. are to be 
examined. Case b. describes the procedure to 
interpret "Direction Limits" and "Range Limits" 
from the Range Safety Card. Case c. is more com- 
plex and describes how to divide the number of 
rounds per day and night based upon the ratio of 
included areas between two target groups when 
necessary. 

a. Targvis Not GmupeJ. When a small number 
of targets (less than 25) is utilized on a base, the 
target for each firing point is usually known. If it is 
not known, a form such as the "Firing Gun Sheet" 
may have to be used. If the target for each firing 
point stiil cannot be found, use the method 
described in b. below. See Figure A37 for an 
example of a completed Firing Point Data Sheet. 

h Targcis Gmupvd {simple case). When targets 
have been grouped into circles, the following method 
will be observed. To complete these columns the 
Range Safety Card and map must be used. One 
reads from the Range Safety Card, the "Direction 
Limits" (both left and right), the "Low Angle Point 
Detonating Minimum Range." and the "Maximum 
Range to Impact." A Range Safety Card is shown in 
Figure A.18 with these items marked. The infor- 
mation realized from the Range Safely Card is 
plotted oil the map with the assistance of a 
protractor calibrated in mils and a scale calibrated 
to the map scale. 

Figure A.W shows Firing Point 115 over which a 
protractor lias been placed. It can be seen that with 

the left and right direction limits at 4920 and 5100 
mils respectively, a "pie slice" cuts through Target 
Group 8. The minimum and maximum ranges 
further establish that Target Group 8 is the target 
for Firing Point 115. 

The procedure for identifying the target for 
Firing Point 115 is as follows. Lay a protractor cali- 
brated in mils over the firing point. Approximate the 
direction limits (left and right) on the map (4920 and 
5KM) mils in this case). Remove the protractor and 
use a straight edge to lightly draw two lines from the 
firing point to the 4920 mark and from the firing 
point to 5100 as is shown in Figure A40. Next use a 
rule or similar device calibrated to (he map (a 
measuring device can be constructed from the scale 
at the bottom of the map). Lay the scale along either 
line previously drawn by placing the 0 end over the 
firiii0 point. Make marks on the map when 1800 and 
3500 meters occur as is shown in Figure A4I. 

Remove all protractors and scales from (he map 
and inspect the truncated "pie slice" to see if the 
target group lies within the minimum and maximum 
range (see Figure A42). If all (or a greater portion) of 
a target group is within (he truncated "pie slice," 
enter the identification number cf (he target group 
in Columns 33-34 as shown in Figure A43. If (he 
truncated "pie slice" overlaps (wo target areas 
(one-half of the "slice" in one area and one-half in 
the other) more work is required. 

c. Targets Grouped (complex case). This case is 
used when two or more target groups are included 
within a truncated "pie slice." Figure A44 shows (he 
Range Safety Card for Firing Point 7 with direction 
limits and ranges marked. Figure A45 is a map of 
the firing area of Firing Point 7 with a protractor 
overlay. Referring (o Figure A46. all necessary infor- 
mation has been marked on (he map. As can be 
readily seen from (he shading. Target Group 8 lies 
within one half of the truncated "pie slice" and 
Target Group 9 lies in the other half. The Range 
Control Log in Figure A47 has been provided for 
reference. 

When target groups are divided in (his way, new 
lines must be created on (he Firing Point Data Sheet. 
The Firing Point Data Sheet for Firing Point 7 is 
shown partially completed in Figure A48. Items 
filled in include Firing Point Identification, X and Y 

52 



/7 dWH «/fc«!^ 

1 • «l-M. 1        »       ij 1      It]  II 1 II II|I4|II|I«JI;|II it|»|ii » n »|n|»{r|n|» io|it|ti|)iJM »|a|» M N M[«T| 

/     23    öo   /   H  21 

K         II         ■                                                                                                                I         1^    ^1 

1 j  \ 

Fifwc A*7. Firing Point Data Sheet showing the target identification number 

53 

- - ■ 



^ 
? 

n 

ä 
f> 

o 
m 
>o 
■H 

I 
o 

oo 
o 

O 

< 

O 

u-i 

« 

w 

pa 

Ui 7 

<    Q 
z 

< 

vO 
O 
m 

u 

00 

z 

2 
Ü 
z 

2 
2 
< 

i/i 
X u 
5 

z 

o 
=  id 

i i 
i 5 
11 
i i 
^ 

c 
< 

o 

-C 

t 

Ui 

5 

z 
O 

£ 

E      ^ 

°   i 
^      Q! 

i 
z 

Cl I  o 
o 

Ü 
Z 
< 
Of 

i   § 
ui      5 

- i 
=    I 

j[ 

ill 
ill 
u. 2i    0 

«^  P    o 0 8   " 
1 8   .1 

a 
2 
CL a 
o 

P 
8 
in 

Ui w 

3    < 

c 
o 
5 

ill 

t3 
ex 
| 
Z 

< 

I 

> 

I 

54 



I 
i 

C 

ft 

i 

55 



I 
I 

I 

56 

MMMMMtMM 



US SO MO 31710 
i i|ih|i i   r| 111 |II|II|II ii|i4 it it I;]II i n i n n 2* 1   N V a n i • II » 1 1   M »   M S7   M N «0 «1 

3 9 3 0 0    I 5 s 

Figure A43. Firing Point Data Sheet with target identification number. 
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coordinates,   weapon   type,   charge   range, 
number of rounds per day and night. 

and 

As a review, to Till in the number of rounds per 
day and number per night, look at the Range Con- 
trol Log shown in Figure A47. Under "Actual Time 
(In and Out)," it is seen that firing occurred between 
0S00 and 1300. Since day starts at 0700 this is 2 
hours in the night and 6 in the day or V4 in the night 
and V« in the day. The "Rounds Fired" (40) from the 
Range Control Log has been divided, 10 for the night 
and 30 for the day as shown in the Firing Point Data 
Sheet in Figure A48. 

From the map in Figure A46 the rounds are also 
divided between Target Groups 8 and 9. The first 
step i.i filling out ih» Firing Point Data Sheet is to 
copy the weapon type and charge range to the line 
below as in Figure A49. 

Next, identify each line by putting the target 
ideiitification number in Coiumns 33-35. The first 
line is for target 8 and the second for target 9. Erase 
the 30 rounds per day in Columns 21-24 jf Figure 
A48 and replace the 30 with a IS for both targets 8 
and 9. This is done because one-half the rounds in 
the day went to target 8 and one-half to 9. The 
number of rounds per night is done in .he same 
fashion and is shown in Figure A50. Note how the 
Firing Point Data Sheet of Figure A50 differs from 
the initially incorrect one in Figure A48. 

Column 36, Projectil» Flag. Enter a I into 
Column 36 if blanks were fired or if the weapon code 
in Columns 19-20 was 10 or II (small or large 
charges of TNT). If neither blanks nor TNT were 
fired, leave Column 36 blank. 

Column« 37-41, Haigtit Above ( + ) or Depth 
Bolow (-) Ground. Enter a 0 into Columns 37-41 if 
the weapon code in Columns 19-20 was anything but 
lOor II. If TNT (Weapon Codes 10 or II) was deto- 
nated above ground, enter the height in feet pre- 
ceded by a plus sign into Columns 37-41. If TNT was 
buried enter the depth in feet preceded by a minus 
sign (see Figure AS1). 

Column 1, End of Source Data Flag. After all 
items have been entered into the Firing Point Data 
Sheet, an asterisk is placed as shown in Figure AS2. 

This terminates the information to be entered 

into the Firing Point Data Sheet. Another sheet, 
however, must be completed in addition to the 
Target and Firing Point Data Sheets. This infor- 
mation includes whether locations are in feet or 
meters; overall percentage of illumination rounds; 
percentage of time fuses: percentage of proximity 
fuses: map scale size needed for the NEF Contour 
Overlay: weapon type vs. code numbers that have 
been added, and the name of the person preparing 
.he work and information about the base. 

Locations are typically specified in meters as has 
been the case in this report. By viewing a Range 
Safofy Card, it is evident which method is employed 
at the base. It is also important to note that the 
method of specifying locations will also correspond 
to the contour maps which will be generated. 

The overall percentage of illumination rounds is 
typically 4 percent, the overall percentage of time 
fuses is typically 15 percent and proximity fuses are 
around 5 percent. These percentages can be 
obtained from the Ammunition Supply Point or the 
Gunnery Department at the base. 

The scale of the map for which contours are to be 
generated must be indicated. The standard scale 
map is 1:250.(X)0. but contours can be adjusted to fit 
any map si/c if specified. 

The additional weapon types and the correspond- 
ing codes assigned are listed. An example of the 
additional sheet i* contained in Figure A53. 

Inversion and operating conditions and the time 
lor which data is to be gathered arc explained in 
Appendix C. 

Prediction of the noise impact of a military 
facility is mad« possible through ex ensive computer 
routines. The result of these calcilations is equal 
noisiness contours which are plotted to a distance 
scale compatible with a map of the base. A descrip- 
tion of the information necessary i«i initiate this pro- 
gram has been supplied in sections dealing with 
completion of the Target Data Sheet. Firing Point 
Data Sheet, and Attachment Sheet. 

Once contours have been plotted, much more 
work still has to be done at the base. Appendix B 
indicates the procedures to be followed to predict 
annoyance levels from the contours. 
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Fif«rc A49. Firing Point Data Sheet with weapon and charge range copied. 
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Figur« A50. Firing Point Data Sheet showing division of target groups. 
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Name of Base 

Name of Person Preparing Work_ 

Title  

Office Phone 

Signature: 

Approving Supervisor's Signature  

Special Information: 

1. is  this for an additional contour? 

Date 

2. Hours during the day that firing occurs (or is predicted to occur) or 

percent of inversions  

3. Night only firing option (see Appendix C)  

For response to 2 and 3, see Appendix C. No response is necessary for the 
"normal" conditions. 

4. Time Period Data was Taken 

General Information: 

Locations Specified (feet or meteis) 

Overall Percentage of Illumination Rounds 

Percentage of Time Fuses  

Percentage of Proximity Fuses 

Weapon  

Weapon  

Weapon  

Weapon  

Weapon  

Code 5 

Code 6 

Code 7 

Code 8 

Code 9 

Figure A53. Atlarhment Sheet. 
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ANNEX Al 

1 ABBREVIATED DIRECTIONS FOR 
COMPLETING TARGET DATA SHEET 

Column 1, End of Target Data Flag. Place an 
asterisk (*) in Column 1 of the last entry on the last 

Target Duta Sheet. 

Columns 2-6, Target Identification. 

less Than 25 Torgets. Copy the target iden'ü'iva- 

lion number from the map (Figure A3) and tnter in 

the Data sheet (FlgUR A4) 

More Than 2> Targets, (iroup targets into the 

largest eirele |)ossil>le. namely circles ot radius '/,. I. 

or IVj ki'omeiers. The radius of a circle must not 

exceed V, of the distance between a population area 

ami the center ol the circle (Figures A5 and Ah). 

Draw smaller circles il necessary. Create a unique 

number tor each circle, »rite it on the map. and 

enter it on ihc data sheet (Figure A7i, 

Columns 7-12, X Coordinate. 

Columns 13-18, Y Coordinate. 

Tar/i is SHI (jntupt'J. 

1. I he map is easiest to use to read coordinates ot 

target points (iigures Ah. A4, and AlO). Knter 

Sdigii numbers lor both the X and V coordinates in 

the data sheet (Figure All). 

2. It using the I able ot Metric (»nd ( oordinates, 

(he first 5-digits under "grid refercnic" are the X 

coordinate and the last 5 are the V ( I .iblc Al). I liter 

the X a:, i V coordinates directly into the data sheet 

(Figure A12). 

Jiirxcis Grouped. Use the center of each circle as 

the location ot the Target area (Figure A13). Fnter 

5-digii coordinates from the map for each circle 

group in the data sheet (Kigun A14) (see Figures A8. 

M. Alt), and AM). 

2 ABBREVIATED DIRECTIONS FOR 
COMPLETING FIRING POINT DATA SHEET 

Column 1, End of Source Data Flag. Place an 
asterisk I*) in Column 1 of the last entry lor each 

source. 

I he Box Above: 

Columns 2-5, Firing Point Identification. K.ad 
Irom either the Kange Safety Card or the K.ingc 

Control Fog and copy directly into the box above 

Columns 2-5. it a tiring point has a direction letter 

lolloumg the identification number, place this letter 

above Column b. Create an unused number tor any 

demolition sites. Only one firing point identification 

numher is used on a firing Point Data Sheet but the 

sheet can be used tor (he lull duration ol gathering 

data For additional sheets, cross out the boxes at 

the top ol each continuation sheet. 

I lie Box Above; 

Columns 7-12, X Coordinate. 

Columns 13-18, Y Coorditate. Obtain informa- 
tion Irom the Range Safety Card, map n' I able ol 
Meine (irid Coonlmales. 

Hiin^i Soli'i) Card {Figun- Alff). I be first -Fdign 
mimbei after "Firing Point" is the X coordinate, 

und the second 4-digit number is the ^ Make these 

Sdigil numbers In placing a zero to the right ol the 

units place (figure AM). 

Mup   '   - figures AH, A1». AlO, and All. 

/«/i/c (</ Mfiric iirid Cniinliiiuivs. Round (o the 

nearest meter and enter the last 5-digits. II there is 

ever any repetition or contusion, b-digits should be 

entered. 

Columns 19-20, Weapon Type. Consult Range 
Satetv Card and double-check «kith Range Control 

Fog since a firing point can have more than one tyiK- 

ol weapon per day. Read weapon wide Irom  I able 

Preceding page blank 
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Columns 29-30, Minimum Charge. 

Columns 31-32. Maximum Charge. 

.i. II Mcupon (.IHU- in Columns ll)-2(i was 1-4 
lollow either pans I or 2 hclou: 

b. II V»(.M|)(I?I OKII' »;IS l(t. Idllou pari .1 hckm-. 

i. II wiMpun IIHII- W.IS II. liillivA pan -4 bvltm. 

/ WI-U/MIH I'IHII' (/-•/! hruni Rtingv Salin Curd 
i//;,'//n \25). I iiui ihc Idi^n number after "Mim- 
iniiiii (luir^i" in ( (iluni'is 21*-10, ihc number after 
M.iMinimi Charjje" in Columns MM (sec 
I luiiri' \2(») 

2 WrilfUHl (Hili I, Vl (Imr^r hiKinn II ,i 
Ivpital iliar^e is knuw n enter zeros m ( olunins 2t* Kl 
.nid pui ilu (.luiin- in ( olu^ns .11-^2. 

> SIIHIII ('luirtu' t'SI i('<((/c III). Pül zeros in 
( oliinins 2l* *<) .mil enter .i I dr 2diyii emle from 
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Columns 21-34, Number of Rounds Per Day. 

Columns 25-28, Number of Rounds Per Night. 

/•'in- Occurnttg Enlirvly During Day. 11 fire 
oeeurs between 0700 and ^2(K) hours, obtain ihc 
niiinhcr ol rounds fired from the Range Control Log 
(ligurc A.1I) and enter in Columns 21 24 of the 
I iriny Point Data Sheet (Figure AM). Put zeros in 
Columns 25-28. 

/■'/><■ Occurriufi Entitvly During Night. II lire 
oeeurs between 2200 and 0700 hours, obtain the 
number ol rounds fired from the Range Control Log 
(I igure A.> ■/ and enter in ( olumns 25-2N ol the 
Firing Point Data Slieel (Figure A.V4). Put zeros in 
( dlumns 21-24. 

/ I inw i'hurxi- ISI KWc //) Put zeros in 
( iilimiiis 2** M\ and enter ihe I or 2 digit imle Irom 
I able AN in (olumns .1M2. 

/•/re On'Ha/tpiHfi BelvnvH Day ami Ninhi. Split 
the total rounds fired proportionately between the 
rounds fired «luring the day "n Columns 21-24 and 
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rounds tired during the night in Columns 2S-2N (see 
Figures A.15 and A.K)). 

Columns 33-35, Target Identification. 

lur^fis i\<>t (iniii/uJ On a base with a small 
number of targets, the target for each tiring point 
is usuail, known or can be obtained easily (Figure 
A.17). 

Targets Grouped (simplv case). Fn-.n the Ranfjc 
Safety Card read the "Direction Limits," "Low 
Angle Point Dctonutin^; Range" and "Maximum 
Range to Impact" (Figure A38). Lay a protractor 
over the map and draw a "pie-shaped" section from 
the direction limits. Use a ruler calibrated to the 
map to truncate the "pie slice" for the range 
(Figures A.VJ. A40. A4I. and A42). It the truncated 
"pie slice" covers only one target urea, enter the 

target group identification number in Columns 
33-35. If the truncated "pie slice" covers more than 
one target group, consult the next subsection. 

Targeli Grouned {c.jmplex ca.se). It' the truncated 
"pie slice" covers two or more target areas (Figures 
A45 and A-io) divide the number of rounds based on 
ihc ratio of inrltided areas. Create a new line in the 
Firing Point Data Sheet and transfer the weapon 
type and charge range to the line below. Identity 
ea'li row by the correct target identification number 

entered in Columns 33-35. Divide the number of 
rounds per day ai-l night according to the ratio of 
included areas of target groups and enter these lor 
each target number (Figures A-W and A5Ü). 

Column 36, Projectile Flag. Enter a I into 
Column 3b if blanks were tired or it the weapon code 
in Columns 19-20 was 10 or II (small or large 
charges of TNT). If neither blanks nor TNT was 
fired, leave Column .V) blank. 

Column 37-41, Height Above ( + ) or Depth 
Below (-) Ground. Enter a 0 in Columns 37-41 if 
the weapon code in Columns 19-20 was anything but 
10 or 11. If TNT (Weapon Codes 10 or ID was deto- 
nated above ground, enter the height in feet pre- 
ceded by a plus sign into Columns 37-41. If TNT was 
buried enter the depth in feet preceded by a minus 
sign. 

On an additional sheet the following entries are to 
be included: whether locations are in feet or meters; 
overall percentage of illumination rounds; percent 
age of time tuses; percentage of proximity fuses; 
assignment ol unused code numbers to additional 
weapon types used at the base; inversion and opera- 
tional conditions (see Appendix C); time period data 
was taken; name of person preparing work and 
information about the base. 
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ANNEX A2 

1 EXAMPLES USED TO COMPLETE TARGET 
DATA SHEET 

Columns 2-5, Target Identification. 

Li-ss Ihau 25 Targets. Copy the target identifica- 
tion number directly Irom map (Figure A54) and 
enter it onto the Target Data Sheet (Figure A55). 

Mim- Than 25 Targets, Group targets into a Vj. 1 
or IV, kilometer radius circle. If a population center 
is near, the radius ot the circle must not exceed Vjol 
the distance between the population center and the 
(.enter ot the circle. Figure A56 shows several targets 
reads lor grouping. Figure A57 shows the same 
targets alter circles have been drawn. The city of 
l.awton is within 5 kilometers of the lower clusters of 
targets; consequently, two circles of V, kilometer 
radius and one of 3/4 kilometer radius were drawn. 
The grouping with a IV2 kilometer circle is far 
enough away from any population center so that it 
could be drawn to full si/e as evidenced in Figure 
A57. Create unique identification numbers, write 
them on the map and enter them in Columns 2-5 as 
shown in Figure A58. 

Columns 7-12, X Coordinate. 

Columns 13-18, Y Coordinate. 

Turgeti St»i GmufH-d. 

1. Coordinates read from the map. I he kilo- 
meters place is copied from the coordinate numbers 
(running vertically and horizontally on the map), the 
hundreds place is estimated, and two zeros are 
added to the end so that a 5-digit number is entered 
in the larget Data Sheet. 

As an example, the kilometer's place lor the X- 
coordinalc of I argel I'oinl I5i0 in figure A54 is 4.V 
I slimale the hundred's place as h and add two zeros 
lo the end. I he X coordinate entered is 4.1MN), 
Similarly, the Y-coordinale is .15700. I he larget 
Data Sheel in Figure AM) shows the identification 
numbers and coordinate» lor the targets in 
figure AS1*. 

2. Coordinates read from Table of Metric Grid 
Coordinates. The first 3 digits under "Grid Refer- 
ence" correspond to the X coordinate and the last 5 
correspond to the Y. Specifically, the coordinates for 
larget Point 157 are 44278 and 35815 as read from 
Table A*). The coordinates arc entered in the larget 
Data Sheet as shown in Figure AM, 

Table A« 

1 «blr of Mrlrk Grid ( oordlnaln 

Til no All 

imrlm 

tMallnn Dnrripllon 

i>n" -wnit v.4S.i 4>" WMHA Keil liir IHKIN 
liH'l 4t"H2 Jhl5l 4?! WMHA White car IMHIN 
(.><| 4IMIh .15*54 41(1 WMttA Wliiic junk 
liM«» 4U..t? .K>»iH«. 4(.4 WMHA Red car bod) 
'Hi «IM« V4«.>' «15 y(A Yi'llii» car limit 
Kit 44^ IM t.SM.V. 41-- SMA WMHA Vt'lloM  |(IMk 
Ml 4tM4 t.^MII 40«» SMA WMHA While car IHKIN 

IS* 4 W>4 tS4l2 4<l.1 SMA WMHA While car bud) 
IS5 4404». .t.S5'.1 ^It SMA WMHA Vdkm car bud) 
IN, 44<HI Mt^\^ 4I4 SMA WMHA Whiuiunk 

15- 44r* 35W5 4I2 

41" 

SMA WMHA 

SMA WMHA 

Kni car IOHU 

IMI 441II VS'M4 YeH<M car hi«l\ 
]\h 45172 .tS'44 402 SMA WMHA Vdkm ear huh 

\24 45" '«11.15577 4011 SMA WMHA Yrikm i iir b«idy 

7'arni'is Grouped. If the targets have been 
grouped, simply read the coordinates for the target 
circles directly from the map. Remember to «ake the 
location of the target area as the center of the circles. 
A map with the centers of the circles indicated is 
shown in Figure A(i2 and the completed Target Data 
Sheet is displayed in Figure Ah3. 

Column 1, End of Target Data Flag. When all 
targe's have been entered onto the Target Data 
Sheets, place an asterisk in Column I of the last 
entry on the last Target Data Sheet. Include no more 
entries on the Target Data Sheets. 

2 EXAMPLES USED TO COMPLETE FIRING 
POINT DATA SHEET 

I his example indicates how to complete the 
firing I'oinl Data Sheet. The material will be pre- 
sented here by corresponding columns on the Firing 
I'oinl Data Sheet. Kemember to include only one 
firing point identification number for each Firing 
I'oinl Data Sheel. 
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Fiipire A57. Map with targets grouped. 
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Figure A62. Map with renter of target groups indicated. 
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The Box Above: 

Columns 2-5, Firing Point Identification. This 
uk-iiiitkaiuin number is read from the Range Safety 
Card shown in Figures A64, A65. A66, and Ab7 or 
from the I ngc Control Log displayed in Figure 
A68. All of the firing points in Figures Ab4-67 
collectively require one entry of 721 on the Firing 
Point Data Sheet as shown in Figure A6Q. 

The Box Above: 

Columns 7-12, X Coordinate. 

Columns 13-18, Y Coordinate. 

Ranne Satiety Curd. From Figure A7(), the first 
4-dinit number foHowing "Firing Poim" is the X 
coordinate. Add a zero to the end and enter ^2()1(). 
likewise, the second 4-digit number indicated in 
Figure A7() is the Y Coordinate and is entered as 
.M2f'<!. The Firing Point Data Sheet is shown with 
these entries in Hgure A71. 

Map CiM>rdinatcs can be read from the map in 
Figure A72 if desired. The X Coordinate is 320. Add 
2 zeros la the end of this number and enter on the 
Firing Point Data S eet (Figure A73). Similarly, add 
2 zeros to 343 and ei er this number in the block for 
the Y Coordinate. 

lahlv ill Mttrk Grid Oxtrdinaiea. From Table 
All. the X coordinate is the first number listed for 
Firing Point 721. Round this number to 531*^78 and 
enter 31»)78 after deleting the first digit. The Y 
coordinate is entered as 34251 as shown in 
Figure A74. 

Columns 19-20, Weapon Type. Consult the 
Range Safety Cards as shown in Figures A/5, \lb. 
A77. and A78 to lind the weapon types used. Table 
Alt) lists the codes to enter for weapons. A line is 
used for each Range Safety Card when filling in 
weapon types as shown in Figure A79. 

Charge Range: 

Columns 29-30, Minimum Charge. 

Columns 31-32, Maximum Charge. Use the ap- 

TabWAI» 

Weapon (o^« 

WVapon C«* 

IllSmm II 
I.^Nnni II 

Hin. H 
rSnim •> 

Small OM r(!i- INI HKIMUIbal Id 

1 .irin- ( h. rite INI tllll-Minnl 

labk All 

11 

Afimulhimihi 
Station C'oordinaln Alliludrimflrni 

H»7H»S iSUKKi 9-IU4SOI.5I I'M 
If-.1!! iMI.toM  M'A4«>..1) 4n 

H'^'l (5.1I477.H  104251.11 IM 

ll'^l I IM23I4.5II.M094.SI m 
H'"»! S IMIRS5.3 ■ IU3749.7I NO 

plicable section below by first noting the Weapon 
Codes. 

NOH-TNT Wempoiu (CoJi-s l-t from Columns 
19-20). After referring to the Range Safety Cards in 
Figures A8U. A8I. A82. and A83 enter the 1-digit 
number after 'Minimum Charge" and "Maximum 
Charge" in the respective columns as shown in 
Figure A84. 

Nm-TNT Wtmpom iOtäes 19). If the typical 
charge is known, put zeros in Columns 29-30 and 
enter the charge in Columns 31-32. 

Small Charge 7 <IT (Code 10). For a 0.25-90 lb 
charge of TNT enter zeros in Columns 29-30 and fill 
Columns 31-32 with the code from Table AI2. 

Large Charge TNT [Code ID. For a 110-500 lb 
charge of TNT enter zeros in Columns 29-30 and fill 
Columns 31-32 with the code from Table AI3. 

Columns 21-24, Number Rounds per Day. 

Columns 25-28, Number Rounds per Night. 
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TaMcAU 

Ma ilmum Chartt Codn far ■ Sm»M Chart* aT TNT 

W«»tmofTNTIh, Mailmum Ck 

0.25 
1.00 
.SIX) 

10.00 
15.00 
25.(10 
.15.00 
so.ao 
70.(X) 
tO.(K) in 

Table AI3 

Mailmum Charge Codn for a Large Charge of TNT 

WrtghlofTNTItM Mailmw mCl 

III) 
140 
170 
2(11) 

240 
241) 
MO 
WO 
■WO 
soo 10 

Firing Entirely During Day. The Range Safety 
Card in Figure A8S shows Tire occurring between 
0700 and 2200 hours. From the Range Control Log 
in Figure A86. enter the number of rounds (49) in 
Columns 21-24. Put zeros in Columns 25-28 as 
shown in Figure A87. 

Firing Entirely During Night. The Range Safety 
Card in Figure A88 indicates fire occurring between 
2200 and 0700 hours. From the Range Control Log 
in Figure A86. enter the number of rounds (76) in 
Columns 25-28. Put zeros in Columns 21-24 as 
shown in Figure A89. 

Fire Overlapping Between Day and Night. Split 
the number of rounds proportionately between the 
day and night. The Range Safety Cards in Figures 
A90 and A9I will be used as examples. 

a. Find the number of hours in the day 
(0700-2200 hours) thai lire occurs and round to 
nearest V, hour. 

Actual lime 
In    /    OUT 

Figure A9():()h(K) • 1100 1000 hrs - 0700 hrs (start of 
day) = .1 hrs fired during 
day 

Figure A91:2()00 - 01(H)    2200 hrs (end of day) - 
2000 hrs = 2 hrs fired 
during day 

b. Find the number of hours in the night (2200- 

0700 hours) that fire occurs and round to the •.°arest 
V, hour. 

Actual Time 
In    /    Out 

Figure A90:0600 - 1000   0700 hrs (start of day) - 
0600 hrs = 1 hr fired 
during night 

Figure A91:2000 - 0100   2400 hrs (midnight) - 2200 
hrs (end of day) = 2 hrs + 
0100 hrs - 0000 hrs (mid- 
night) = 1 hr 

2 hrs + I hr = 3 hours 
(total) fired during night 

c. Total the number of hours in which firing 
occurred during the day and night from above. 

Figure A90: 3 hours (day) 4-1 hour (night) =4 hours 
(total) 

Figure A91: 2 hours (day) + 3 hours (night) ■ 5 
hours (total) 

d. Make fractions for the day and night hours. 
The day fraction is Part I/Part 3 and the night frac- 
tion is Part 2/Part 3. 

Figure A90: 3 (day)/4 (total) = % (day fraction) 
I (night)/4 (total) - % (night fraction) 

Figure A91: 2 (day)/5 (total) - % (day fraction) 
3 (night )/5 (total) = %(nigi.t fraction) 
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Filiurr AH4. Firing Point Data Sheet displaying charge range. 
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e. Multiply the day and night fractions respec- 
tively times the number of rounds found in the 
Range Control Log. round to a whole number, and 
enter in the correct columns as shown in Figure A92. 

Figure A90: V« x83 rounds -62.25-62 rounds/day 
V4 x 83 rounds - 20.75 « 21 rounds/ 

night. 
Figure A9I: % x 94 rounds -37.60 -38 rounds/day 

V, x I« rounds - 56.40 - 6 rounds/ 
night. 

Columns 33*35, Target ktontification. 

Targets Not Grouped. With a small number of 
targets, it is usually known where every round went. 
If not. consult the next subsection. 

Targets Grouped. When targets have been 
grouped, it is necessary to consult the correct Range 
Safety Card to read the "Direction Limits (both left 
and right)." "Low Angle Point Detonating Mini- 
mum Range" and the "Maximum Range to 
Impact." 

A protractor is placed on the map and the 
"Direction Limits" are drawn so that "pie slices" are 
formed. Next, a rule calibrated to tne scale of the 
map is used to mark the minimum and maximum 
ranges. After the ranges have been marked, a 
"trunc&ted pie slice" is formed and the following 
lirections are adhered to: If the "truncated pie 
slive" covers only one target group, go to I below. 
On the other hand, if the "truncated pie slice" 
covers two target groups, part 2 below is followed. 

I. Tar<>ets grouped (simple cases). Consult the 
Range Sal. Card in Figure A93 and read the 
"Direction Limits" (left and right) as they are 
marked. Pay particular attention also to the "Low 
Angle Point Detonating Minimum Range" and the 
"Maximum Range to Impact." 

Lay a protractor over the map, mark the direction 
limits and draw "pie slices" as has been done in 
Figure A97. Use a rule calibrated to the scale of the 
map and mark the minimum and maximum range 
as read from the Range Safety Card. As can be seen 
from Figure A97, a truncated "pie slice" is thus 

formed out of the pie slice. Since Target Group 18 
falls entirely within the truncated "pte slice," this 
identification number is entered on the Firing Point 
Data Sheet as shown in Figure A101. 

2. Targets grouped (compl.'x case), if after draw- 
ing "pie slices" from the direction limits and 
truncated "pie slices" from the ranges, two or more 
target groups fall within a truncated "pie slice." 
number of rounds must be divided as to the ratio of 
included areas. 

Figures A94. A95. and A% are Range Safety 
Cards on which the direction limits have been 
marked. Figures A96, A99 and A100 are maps with 
direction limits and ranges drawn in. From Figures 
A96 and A99 it can be seen that one-half of the 
rounds go to target area 15 and the other half go to 
target 16. From Figure A100 it is seen that one-third 
go to target 15 and two-thirds to target 16. 

Erasing must now be done or a new Firing Point 
Dita Sheet used. Copy the information from weapon 
type and charge range directly below the latter three 
ovigi'.al entries so that the Firing Point Daia Sheet 
appear: as shown in Figure A102. 

From Figures A96 and A99. since one-half of the 
rounds go to target 15 and half to 16. the number of 
rounds per day and night must also be divided in this 
manner. Figure A103 shows how the rounds are 
divided. Compare Figure AI03 with Figures A10I 
and A102. 

From Figure A100. the ratios are one-third and 
two-thirds for targets 15 and 16. Take one-third of 
38 rounds for the day and one-third of 56 rounds for 
the night. Enter these new day and night rounds for 
target 15. Do similarly fur target 16. See Figure 
A104 for the completed Firing Point Data Sheet. 

Column 1, End of Source Data Flag. After all 
entries have been completed on the Firing Point 
Data Sheet, an asterisk is placed in Column I after 
the last entry as shown in Figure A104. 

On an additional sheet items are entered as they 
pertain to the base. A typical attachment sheet is 
shown in Figure A105. 
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Fif^re A92. Firing Point Data Sheet indicating number of rounds per day and night. 
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Figwc AI01. Firing Point Data Sheet showing target identification. 
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Figure A102. Firing Point Data Sheet with information copied. 
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Name of Base 

Name of Person Preparing Work 

Title 

Office Phone 

signature: 

Approving Supervisor's Signature   Date   

Special Information: 

1. Is this for an additional contour?   

2. Hours during the day that firing occurs (or is predicted to occur) or 

percent of inversions   

3. Night only firing option (see Appendix C)   

For response to 2 and 3, see Appendix C. No response is necessary for 
the "normal" conditions. 

4.  Time Period Data was Taken   

General Information: 

Locations Specified (feet or meters)   iDCT^rS 

Overall Pei 

Percentage 

-centage of 11 

of Time Fuses 

of Proximity 

lumination Round .   V*» 

Percentage Fuses S  *& 

Weapon Code 5 

Weapon Code 6 

Weapon Code 7 

Weapon Code 8 

Weapon Code 9 

Figw* AI05. Attachment Sheet. 
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APPENDIX B: 
INTERPRETATION OF DATA 

1 BASE MAP 

This section describes land-use overlay maps by 
establishing land-use classifications. Figure Bl is a 
Reservation Map (described in AR-210-20) showing 
generalized land-use categories. On this map is 
superimposed a Noise Exposure Forecast (NEF) 
Contour overlay. It should be noted that this hypo- 
thetical example is a Reservation Map of Fort Si. . 
but in no way represents the noise impact of Fort 
Sill. The areas falling within the NEF 40 contour are 
those where noise from blasting and artillery would 
be most unacceptable. Complaints and threats of 
legal action from residents inside the NEF 40 con- 
tour would be the most vigorous. The areas between 
the NEF 30 and 40 contours are termed "Discretion- 
ally Acceptable" although some complaints are to be 
expected from residents and legal action may occur. 
The areas outside the NEF 30 contour are "Normally 
Acceptable."1 

Referring to Figure 81, o<-e can immediately 
identify the areas of impact. It can be seen that the 
NEF 40 contour includes a residential area in the 
northern part of the city of Lawton. This is the small 
shaded area shewn. If the facility finds that it has 
extensive impact, then it may be desirable to con- 
struct special land-use and population density maps. 

Lano-Use Classification». The intent when 
choosing land-use classifications is to identify the 
major or predominant land-use. That is, if there is 
an area that has several land-uses (residential and 
commercial), the use selected is the one that pre- 
dominates. Of course, near a downtown area this 
tends to be commercial and in other locations it may 
be residential. 

Activities which are particularly sensitive to noise 
should be considered: these may be termed high- 
sensitivity uses. This type of study therefore attempts 
to isolate areas of speech interference (where it is 
undesirable to have high outside noise levels and 
where loud noises decrease the livability of loca- 

tions). The generalized classifications shown in 
Table 81 reflect predominant land usage by noise 
sensitivity groupings. 

Table Bl 

ClaHinrathMii RrOnilng laad-Utc 

1. Kcsidvnlial 
2. (iincral ( Dmnicrcial OilU^ 
3. Nvi|;hh<irhtM)dCommercial/ 

OHkt 
4. Light Manulacturing 

5. Heavy Manulacturing 

h. Hi|th-llsr Open Space 

7. Miideralc-Llse Open Space 

N. Lim-Use Open Space 

'*. Nitise Sensitive Land-Uses 

DtacripilM 

Dwelling Units 
All Retail Business 
Convenience shopping, oflices. 

churches 
Lu» Inherent Noise Level teg.. 

electronic assembly) 
High Inherent Noise Level (e.g.. 

metal stamping) 
Recreational Open Space (e.g.. 

parks,  playgrounds,   public 
sport centers) 

Urban   Services   Open   Space 
(e.g..   cemeteries,   airports. 
refuse disposal areas) 

Agricultural - Conservation 
Open   Space   (e.g.,   larms. 
ecological research areas) 

Hospitals. Schools &  Nursing 
Homes 

'ImiJ llu' Planmng With Kespett niAinraft Naur. liThmcil 
Manual .S .V>,S (i%4). p 12 

Numbers preceding the following paragraphs 
refer to numbers in Tables 81 and 82. 

I. Residential. This classification includes all 
types of dwelling units including single family resi- 
dences, apartment buildings, and mobile homes. 

2,3. Commercial. Two subclassifications ; re 
used: general and neighborhood. General commer- 
cial is defined as operations or businesses conducted 
primarily inside large buildings or occupying several 
acres of land and serving an areawide population. 
Examples would be large shopping centers, central 
business distnets, and locations along frontage roads 
of interstate routes where there are many business 
concerns. Neighborhood commercial is generally 
categorized as small-scale, neighborhood-oriented 
businesses using smaller acreages. Such businesses 
are located away from major commercial centers 
where the surroundings have a general residential, 
agricultural, or open-space character. 

4.5. Manufacturing. As with commercial, two 
subcategories are selected: light manufacturing and 
heavy manufacturing. The point of differentiation is 
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the inherent "normal" intensity of noise of the 
manufacturing activity. Therefore, light manu- 
facturing would include such things as electronic 
assembly operations and inJustrial research facilities 
where the overall level of intrinsic noise is low. Heavy 
manufacturing would include milling, food process- 
ing, and metal stamping plants, where the normal 
noise levels are consistently high, and a*- not as 
sensitive to outside noise. 

6,7,8. Open Space. Three subclassifications are 
selected for open space, based on the level of use. 
Low-use open space consists of farms, nonrecrea- 
lional water bodies, floodplains, and similar uses. 
Moderate-use open space consists of land located in 
or close to a city, village, or town, and involving an 
intermittant use (church or cemetary) or performing 
a low-density public function (refuse sewage disposal 
or service as a buffer between incompatible land 
uses). High-use open space is descripti' • of intensive 
land usage such as that for parks, playgrounds, 
recreational day programs, pools, or publ c sport 
centers (tennis courts, sottball diamonds, intramural 
fields) or major recreational water bodies during 
high-use periods. 

9. Noise Sensitive. These activities are particular- 
ly sensitive to noise and include hospitals, public 
schools, classrooms, theaters, nursing homes, rest 
homes, funeral homes, universities, junior colleges, 
mink farms, aid chicken farms. 

2 NOISE EXPOSURE AND COMMUNITY 
RESPONSE 

Individual responses to noise arc studied in the 
laboratoi-y. Usually, these studies involve judgments 
of individual noise events in controlled environ- 
ments. Such studies have been helpful in isolating 
some of the factors contributing to noise annoyance 
including intensity level and spectral characteristics 
of the noise; duration of the no«se event; presence of 
impulses; abruptness of onset or cessation of the 
noise event; degree of harshness or roughness; 
degree of intermittency in loudness. pitch, or 
rhythm; information content; md degree of interfer- 
ence with activity. 

Community annoyance by noise is studied 
through social surveys which reveal other variables 
important in eliciting annoyance. Contouring pro- 
grams and computer methods, while effectively pre- 
dicting annoyanct for a great number of bases, still 
cannot predict precisely commuiiiiy response for an 
individual military base. Instead, personal factors 
contributing to a person's reaction to noise must be 
considered. These include: 

1. Fear associated with activities of noise sources 
such as fear of crashes in the case of aircraft noise or 
accidental shelling in the case of blast noise. 

2. Socio-economic status and educational level. 

3. The extent to which residents of a community 
believe that they are being treated fairly. 

4. Attitude of the community residents regarding 
the contribution of the activities. 

Studies have shown that excessive noise causes 
physiological changes, including temporary and 
permanent hearing loss, cardiovascular effects, 
adrenocortical effects, gastric effects, and possibly 
brain damage: and may cause a variety of psycho- 
logical effects including irritability, fatigue, and 
depression resulting from loss of sleep and the prob- 
lems of adjustment to hearing loss. Of equal impor- 
tance, although in some ways more difficult to 
assess, i< the fact that noise is a major source of 
annoyance, materially affecting the quality of the 
environment and (hose subjected to it.1 

'1. J. Shull/. A/iwir Aumimml Ouulrlim-s Inkmial Bmk- 
uiimiij. Kc|Min No. IT NA 172 (IX'panmcni ul Huuiing and 
Urban Development. 1972). pp 81-87. 

5. The extent to which residents of the com- 
munity believe the noise source could be controlled.4 

As part of the process of developing the NEF, a 
method has been developed of interpreting noise 
exposure due to blasts and artillery expressed as 
NEF values, in terms of probable impact on land- 
uses. These assessments of land-use compatibility 
are based on accumulated case history experiences of 
noise complaints, speech interference criteria, sub- 
jective judgment tests of noise acceptability and rela- 
tive "noisiness." need for freedom from noise intru- 

'f,iMi Hi-allh und Wrllarr Criliria lor Noisr. 550 <»-7.1-002 
(U.S. Environmental Protection Agency. I473). pp 3.1-3.4. 
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sions.   und  lypiciil   ni)isc   insuUilii)n   pnividcd   by 
loniniun lypn »t huildin^ constnuiion. 

I he hind-use inlorprcliiluins can IH* rclulcd I» 
picdicicd conuminilv rcs|N)nsc. purticubrK lor rcsi 
dcinud uses. Ihrcc citcgorin <>t cumnuiniiN 
response prcdiclinn in iioiscimpacicd areas are: 
i A) some noise complaints may occur, and noise may 
occasionally interlere with some Kthrilks; (H) in 
developed areas, individuals may complain, perhaps 
\irm>rously. and group action is possible; (C) in 
developed areas, repeated vigorous complaints and 
concerted group action might be expected. These 
categories are used in determining the extent and 
severity ot land use base operation incompatibility.s 

The Department of Housing and Urban Develop- 
ment (HUD) uses a lour-cntcgury system to predict 
community response with regard (o residential uses: 
(I) clearly acceptable, it the site lies well outside the 
NHF-.K) contours: (2) normally acceptable, if the site 
lies outside the NHF-JO contours; <3) normally un- 
acceptable. If the site lies between the NEF-3Ü and 
40 contours; and (4) clearly unacceptable, if the site 
lies within the NEF-40 contours.* 

The two most significant NEF contours for this 
study are NEF-30 and NEF-40. the lower number 
indicating a less severe exposure. The classifications 
reflecting prominent land-usage from Table Bl have 
been grouped to correspond with the two contours 
being used and appear in Table B2. 

The Class A category identified in Table 82 
includes all land identified by Standard Land Use 
dtdinft Manual (SLUCM) Codes HO through 190, 
651.674.681 through 683. 691, 711. 762, and 921. 
The Class B land-use category includes all land 
identified by SLUCM Code- 397, 471 through 479. 
51! through 599. 611 through 649. 652 through 673. 
67i. 692, 712 through 761, 767 through 790. 811 
Ihr nigh 819. 822, and 831 through 849. The Class C 
category includes SLUCM Codes 211 through 299. 
:il through3%, 399. 411 (except 4111), 412 (except 

sl iiinl I M I'IIIIIIIIIIL' WllllHi\i<iilli,Ali,riill\<u\i.   Kvllllli.il 
M.imuil S-.1h5 HMMi. |> \2 

'T.I. Slmll/. tM%e A%tf%mMM (inulilims IITIIIIIIIII Hmk 

I'lniiuiA Kcjiorl Nu. II NA 172 lUepMUHCM ol HOIIMII»! .mil 
t rli.in tkuloiiimm. IM72). pp \A2. IS«. 

4121). 421 (except 4219). 422 (exeepi 4229). 441. 
449. 460, 48! through 4W. 821. and 851 tlnoi^h 
890.' 

for tins Mud) three cilepmes normally |ito\ide 
sunWicnl detail. 

Ial>l< IU 

VOIM- I xpmurr KaliiiK« lur \ arious I anil I st ( lutsiDt »lions 
i I hnt ( »lr(iii« Kalin|{> 

( lnvsinmlinii Ml H.I in« 

\    KlMlll llll.ll i li 
NII^IIIIIMIIIMHI ( uiinmui.ii* iM     OIIIMIII.' M I   Ml( niiiniir 
NiMsi  SillMli   r IM) 

H   (urui.iK  miiiurii.il I?! 
Ill>|ll   '   M ()|HII Sp.IlT Hll 
MIKKI.IU   I  M ()|H'I1 S|)iliv ("I 

I i^hl Imlustri.il (41 

(    llt.itt tudiiMruii |5| 
to» I've <)|K-n Sjiiia- l^l 

Bii»iin Ml I   Vl.mil*! 
( uiiliiurs 

IHMIK Nil 4<l( iiniiuir 

•Nii^hlKirhiMi«! ( umiiurii.il is MM In Hscll .1 imisf scnsilin- 
<<|vr;ilii>n. hul lliis class is iisu.ilK IIH.HIII uillini .1 rcsiilintuil 
.in-.i. 

More contours, such as the NEF-25, 35. and 45 
contours, may be supplied to retlect a more accurate 
assessment of land uses. Contours of 30, 35, 40 and 
45 may be given to more finely divide the categories. 

To evaluate noise exposure around a particular 
military base the correct NEF Contour Map is super- 
imposed upon the base map. By referring to Table 
B2 one can readily see if any incompatibilities exist. 
For a base with mall artillery operations and a town 
or population center far away, it is probable that no 
conlliels of sensitive operations with less sensitive- 
ratings exist. As an example, classifications B and C 
from fable B2 are permissible if occurring outside 
the NIT 30 contour, but classifications A and B are 
not acceptable inside the NFF-40 contours. 
Keferring to Figure Bl it can be seen that a housing 
area inside the NFF-40 contour is not permissible 
und is. in fact, an impacted area. 

It conllicts (such as the latter) do occur, the next 
step usually is to consider the Population Density 

'< uillini im St'iMlnmi SM/m'/iin Stmnfi, Illy DiMinuni 
No.   II   I tSiali ol llliiiuis InsMiiiU' l«i  I IUIIOIIIIK'III.II Uu.ilih 
ITIi, |V ll-IJ. 
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Maps for Day and Night. It is entirely possible that a 
Class B area such as General Commercial may lie 
inside an area with sparse population density. 
Usually, it will be obvious if the population distribu- 
tion is dense enough to warrant a conflict. It should 
be remembered that the NEF contour overlay is an 
accuir.'ilated average of day and night artillery 
operations on the base and it may well be that a large 
nighttime activity does not affect a commercial area 
or a school, etc. 

Prediction of blast and artillery noise around a 
military base is facilitated by the use of a computer- 
generated NEF overlay map. This overlay, in con- 
junction with base maps will indicate areas receiving 
noise exposure at levels which can be expected to 
create concerted adverse public reaction. iMs 
method of prediction reflects the best available infor- 
mation about noise and speech interference, and 
other physical and psychological factors. 

3 NOISE MITIGATION TECHNIQUES 

Local meteorological conditions, the time of day 
of operations, &nd community relations play para- 
mount roles in the noise profile around a military 
installation. This section contains useful information 
about sound propagation through the atmosphere 
and community relations as they apply to noise 
impact mitigation. 

Sound Propagation Through th« Almotphara. 
In practice, the speed of sound varies with direction 
and altitude, primarily due to wind and temperature 
changes. The net result is that the atmosphere some- 
times acts as a lens, diverting waves travelling away 
from the ground and focusing them at a distant 
point on the ground. This focus occurs when the 
variation of the speed of sound with altitude under- 
goes an inversion; that is, the velocity decreases with 
altitude near the ground and then increases at 
greater altitudes. Of concern in this study is a double 
inversion, in which the velocity of sound decreases 
with altitude near the ground, increases as one goes 
higher, and then decreases again at still greater 
altitudes («ee Figure B2). This phenomenon usually 
occurs only during the night and early morning 
hours. Figure B2 also illustrates the focusing and 
ducting of the sound waves. These focuses can 
appear in the range from 2 to 40 miles from the 

source. In an area where focusing occurs, blast noise 
is extremely loud and annoying. 

Basically, meteorological conditions can be 
expressed as the percentage of time that an inversion 
is present. This "inversion condition" takes into 
account the effects of temperature and wind. For 
most areas of the United States, the inversion condi- 
tion is 50%; this value will be used when plotting 
contours if none other is specified. 

Adjuttmanls to Blasting Oparatlons. If incom- 
patible land use areas are anticipated prior to the 
receipt of NEF Equal Annoyance Contours, there 
are several alternatives that may be taken. These 
choices logically include specification of an adjust- 
ment to the operational blasting conditions to 
improve the highest quality of land use for the resi- 
dential noise-sensitive activities in communities 
adjacent to the installation. 

The most dramatic adjustment that can be made 
is to curtail blasting during the time when inversions 
occur, namely during the night and early morning 
hours. Figure B3 is an NEF Contour for a 50% 
inversion condition (firing done 24 hours daily). 
Figure B4 represents a 5% condition for firing only 
during noninvenion daylight hours. 

Curtailing fire during the night and early 
morning hours affords about a 13 dB reduction for 
previously incompatible land-use areas. In other 
terms, a 13 dB noise reduction reduces the impact 
area by a factor of 20. This is an extensive amount of 
land area that becomes usable by eliminating firing 
during these hours. 

As a comparison, Figure B5 displays the effect of 
day-only fire. This set of contours does, however, 
include the temperature inversion present during 
early morning daylight hours and the reduction in 
noise is not as great. Figure B6 presents the NEF 
contours for a theoretical military base for which 
firing was scheduled during non-inversion daylight 
hours. 

An alternative to eliminating blasting during a 
part of a 24-hour day is to reduce operations. If 
firing were maintained over a 24-hour period but cut 
by 50%, the reduction at the affected residential 
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artras would he onl< 1.8 dB (a barely audible difTcr- 
cncc). The reduction in impact on the previously 
ulTcctcd community areas now found to be compati- 
ble would be 10-15%. compared to a factor of 20(1, 
or a 2000% reduction when eliminating firing during 
the night and early morning hours. 

Community Relations. Good relations with area 
residents are extremely important in mitigating com- 
munity response to blav noise. For example, if resi- 
dents have a favorable utJtude toward the base, the 
amount that complaints can be reduced is equivalent 
to 5-10 units of NEF contour reduction. This reduc- 
tion in contour size is equivalent to an increase of 
4-10 times the blasting while having the same com- 
munity response. It is therefore easy to see that 
having a positive relationship with community resi- 
dents and leaders can reduce annoyance complaints 
and threats of legal action. 

Many things can be done to achieve good com- 
munity relations: the following suggestions are in no 
way to be considered complete. One way o promote 
a positive attitude is to make speakers available to 
community organizations to acquaint members with 
blasting operations on the base. Along with an 
explanation of the purpose of operations, an effort 
should be made to convince members that the base is 
concerned about noise problems and the associated 
complaints and. most important, that the base is 
currently involved in noise mitigation methods. 

Before speaking to area residents about noise 
mitigation techniques, it is helpful to understand 
why people are complaining. One of the primary 
motivations for complaints in blasting situations has 
been found to be fear. Many respondents, when 
questioned, have indicated concern about damage to 
their houses. If structural damage occurs, of course 

the residents have valid complaints: however, if only 
rattling and shaking are involved, the tactful 
approach is to suggest that shaking and rattling do 
not cause damage to dwellings. Residents may also 
express other types of fears, such as that physical 
harm will come to their children from being 
awakened at night. Frankly, a great amount of tact 
is required at this point. Base personnel should 
advise respondents that mitigation methods are 
currently being employed at the base. 

Above all, the important thing is to maintain 
good relations with area residents when speaking to 
organizations and when handling complaints. 

REFERENCES 

Control of Nttise from Siationury Sources, UEQ 
Document No. TF-2 (State of Illinois Institute 
for Environmental Quality, 1972), pp 11-12. 

Land-Use Planning With Respect to Aircraß Noise, 
Technical Manual 5-365 (Bolt. Beranek and 
Newman. Inc., 1%4), p 12. 

Public Health and Welfare Criteria for Noise, 
550/9-73-002 (U.S. Environmental Protection 
Agency, 1973). pp 31-34. 

Shultz, T. J., Noise Assessment Guidelines rech- 
nical Background, Report No. TE/NA 172 
(Department of Housing and Urban Develop- 
ment. 1972), pp 81-87, 142, 150. 

Standard Land-Use Coding Manual, Urban 
Renewal Administration, Housing and Home 
Finance Agency and Bureau of Public Roads 
(Department of Commerce, 1965). 

129 



1-1 

en 

01 

% 

I 
I 
1 
1 
I 

■ 

s 

I 

130 

3 
D 

-^^MM^^MM— 



LÜ 
O 
3 

SOUND 
VELOCITY 

DISTANCE 

Kiffurr B2. Double inversion condit Km. 

131 



I 
I 
r 

i 

S3 
z 

I 

h0*38-2 0*0 hO-38-2- 

132 



■■■ 

w 

< 
> 

w 

o 
CO 

II 

o 
LO 

LU O 
-J t 
a uj 

II   o o 
en , 

♦ 3* 

e s > 
c 

c 
£ 
U 
Z 

2 

1 

tlO*-39'I 0*0 tiO^jS   l- 

1.13 



—  

p 
< 
> 

w 

o 

II 

LÜ 

cn ii   o 

IT) o 
+ 
o 

X     ♦ 

c 
© 

I 

I 

f|0*3TT2 0 0 hO^Tj'Z- 

134 



1 
£2 
p 

> 

•J 
z 

o O 

II      II 

in 
UJ   o 

ex 
+ 
O 

H 
">. 
M 

] 
> c 

I 
I 
C 

I 

h0«-30 2 h0*-30'2- 

135 

«M 



APPENDIX C: 

b. Whether or not this form is tor an original or 
an additional contour. 

GUIDELINES FOR SUBMISSION OF DATA 

This appendix explains how to submit infor- 
mation to CERL when requesting NEF Equal 
Annoyance Contours. Subjects discussed include the 
ordering of contours, specific options available, 
materials the base will receive, the cost of this 
service, and the person to contact if difficulties arise. 

A. Central 

Each set of NEF Contours is a generalized overlay 
plotted to the scale of the base ipaps. These contours 
depict "equal annoyance levels" and are in a form 
which can be thought of as a "footprint" of the noise 
impact. They are actually a composite based upon 
the average or typical total daily operttions of the 
military facility. 

B. Ordering of Contour«: Materials 
to Be Submit««! 

The facility ordering NEF Equal Annoyance COP 

tours must complete and furnish two types of data 
sheets and the attachment form as described in 
Appendix A of this report. In addition, the military 
base must also send CERL two maps. These 
materials include the following: 

1. Target Data Forms containing the information 
concerning the location of targets on the military 
base (Figure Cl). 

2. Firing Point Data Forms containing the infor- 
mation about firing point locations and their associ- 
ated targets, weapon types, number of rounds, and 
types of ammunition (Figure C2). 

3. An Attachment Sheet (Figure C3) specifying 
information covered in both the forms above. This 
information includes: 

a. Study preparation. This section of the Attach- 
ment Sheet must be completed in its entirety includ- 
ing name of base, person preparing forms, etc. 

c. Inversion condition. This percentage for the 
base will be specified if operations are controlled or 
if this is for an optional hypothetical condition (i.e., 
no firing during a percentage of inversion condi- 
tions). Thus, a base would specify 0 percent if they 
never fired during inversions. Further explanation is 
given in Specific Options below. 

d. Day/night operating conditions. This optional 
condition specifies the day only or day and night that 
hypothetical firing would occur. Details are pre- 
sented in Specific Options. 

e. Time period data was taken. A minimum of 
one month of data will be required to complete the 
Target and Firing Point Data Sheets. If there is a 
large variation in operations, up to four months of 
data on activity may have to be considered at the 
time that the data sheets are being completed. (A 
large variation is a 40 percent or more change in 
operations during different parts of the year.) For 
example, if there is an extremely large variation in 
firing patterns between halves of the year, two repre- 
sentative months will be needed to fill out the data 
sheets. If there is a large variation between quarters. 
CERL should be consulted before work is initiated. 

f. Locations specified. This is the method 
employed at the particular base for describing the 
locatior > of firing and target points. Locations may 
be specified in feet or meters only. 

g. Overall percentage of illumination rounds— 
typically 4 percent. 

h. Overall percentage of time fuses—typically IS 
percent. 

i. Overall percentage of proximity fuses—typical- 
ly 5 percent. 

j. Additional weapon types with assigned codes. 
These are used for any weapons not listed in Table 
A3. The corresponding code is for use in the Firing 
Point Data Sheet. 

4. The Reservation Map, described in AR-2I0- 
20, must be supplied when ordering contours. The 

Preceding page blank 
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Contour Map Overlay produced by computer will lit 
the scale ol this map. 

5. A map showing areas within a 10- to 15-mile 
radius ofthe installation must be supplied. Contours 
may or may not be produced lor this map depending 
upt-.n the noise impact :ipon the base. All maps will 
be returned unharmed. 

C. Specific Options 

Two options are currently available. One is the 
Inversion Condition and the other is the Operation 
Condition. As discussed in Appendix B. inversion 
conditions significantly aftect the propagation of 
sound through the atmosphere. Spet.fications of 
either or both of these options will result in an addi- 
tional set of contours generated at extra cost to the 
military facility 

I. Inversion Conditiim: The inversion condition 
is the percentage of time that an inversion is present 
during a 24-hour day. For most locations in the 
United States, this condition is JO percent. If this 
condition differs from 50 percent for the military 
base, a different condition will be completed by 
CERL from National Weather Service Records. No 
additional charge will be added for this primary 
inversion condition. 

Since a temperature inversion is most likely to 
occur in the period between two hours after sunset 
and two hours after sunrise, firing performed during 
noninversion hours reflects a reduced noise impact. 

If a base operates on a reduced schedule of hours, 
thii will impact the percentage of inversions. Thus, 
the base must inform CERL of the actual hours of 
firing. This information should be written on the 
attachment sheet (Figure C3) in the area concerned 
with percent of inversions. 

As an option, a base may request an additional 
contour depicting 'he effect of eliminating firing 
during some or all the hours during which inversions 
occur. A request for an additional contour requires 
an additional attachment sheet (Figure CJ) and the 
requester should write "Supplemental Contour" at 
the top of the sheet. 

2. Day and Night Firing (0700 to 2200 and 2100 
to 0700. respectively) is important for the noise 
impact. A penalty is assessed for night firing. If a 
base already fires only during the day this is evident 
in its submitted data. As an option a base may 
request an additional contour depicting the effect of 
eliminating night firing. A request for an additional 
contour requires an additional attachment sheet 
(Figure CJ) and the requester should write "supple- 
mental contour" at the top of the sheet. 

D. Materials the Base Will Receive 

Following receipt of completed data from the 
base as described in B above, evaluation and contour 
generation can be expected in five weeks. The base 
will receive a set of NEF Equal Annoyance Contours 
plotted to the scale of the Reservation Map. 

If there is a significant noise impact, another set 
of contours will be plotted to the scale of the larger 
area map that was supplied by the facility. Any addi- 
tional contours showing desired inversion and 
operating conditions that were requested by the 
military base will be included as will the two maps 
that were originally supplied. 

E. Cost 

The cost of this service will vary depending upon 
the complexity of operations at the installation, but a 
median value of $800 can be anticipated for a base 
with fairly extensive blast operations.* 

F. Difficulties Encountered 

Communication, both by telephone and letter, is 
invited and encouraged during the time the base is 
completing data sheets. If it is found that there is a 
noise impact upon the military installation, assist- 
ance may be requested in the preparation of land-use 
and population density maps. Written correspond- 
ence may be addressed to the Construction Engi- 
neering Research Laboratory (CERL), P.O. Box 
4005, Champaign, IL 61820 or to the Office of the 
Chief of Engineers, Washington, D.C. 20314. 

*lhi\ is a March 1474 pricv cMlmate »huh may IK- adjusted 
(luv In inllaluin 
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Name of Base 

Name of Person Preparing Work 

Title  

Office Phone 

Signature: 

Approving Supervisor's Signature  

Special Information: 

1.    Is this for an additional contour? 

Date 

2. Hours during the day that firing occurs (or is predicted to occur) or 

percent of inversions  

3. Night only firing option (see Appendix C)  

For response to 2 and 3, see Appendix C. No response is necessary for the 
"normal" conditions. 

4. Time Period Data was Taken  

General Information: 

Locations Specified (feet or meters)  

Overall Percentage of Illumination Rounds_ 

Percentage of Time Fuses  

Percentage of Proximity Fuses_ 

Weapon  

Weapon  

Weapon  

Weapon  

Weapon  

Code 5 

Code 6 

Code 7 

Code 8 

Code 9 

F inure ('3. Attachtmr.t Skett. 
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